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Crooked Creek Chinook Salmon 
1979-1981 

David C.  Waite 

e d i t e d  by 
W i l l i a m  J. Hauser 

ABSTRACT 

Hatchery ch inook salmon, Oncorhynchus tshawytscha (Walbaum) , have been 
r e t u r n i n g  t o  Crooked Creek, Cook I n l e t ,  Alaska s i nce  1976. W i l d  chinook 
salmon f rom Crooked Creek have been used as a brood source s i nce  1974 
and smol ts  have been re leased  s i nce  1975. Hatchery smolts a re  re leased  
as age 0 ' s  averaging 19.1 g / f i s h .  These smol ts  a re  re leased  d u r i n g  t h e  
l a s t  week o f  May o r  t h e  f i r s t  week o f  June. Crooked Creek Hatchery and 
w i l d  chinook salmon r e t u r n  a f t e r  1 t o  4 years  i n  t h e  ocean. Hatchery 
r e t u r n s  a re  complete f o r  t h r e e  brood years  (1974 through 1976). The 
es t imated  average s u r v i v a l  r a t e  f rom smol t  t o  a d u l t  i s  1.4%. 

A t o t a l  escapement ( a l l  ocean age c l asses )  o f  3,830 chinook salmon 
r e t u r n e d  i n  1979, 2,536 i n  1980, and 3,010 i n  1981. Hatchery r e t u r n s  
accounted f o r  1,009 (26%) i n  1979, 723 (27%) i n  1980, and 1,033 (34%) i n  
1981. There were few s i g n i f i c a n t  d i f f e r e n c e s  i n  age, weight ,  l eng th ,  
and r u n  t i m i n g  between ha tchery  and w i l d  r e t u r n i n g  chinook a d u l t s  i n  
Crooked Creek. 

Re tu rn ing  Crooked Creek chinook salmon a re  i n t e r c e p t e d  i n  a s p o r t  
f i s h e r y  below t h e  mouth o f  Crooked Creek on t h e  K a s i l o f  R iver .  The 
f i s h e r y  s t a r t s  i n  mid-May and ends on 30 June. Cree1 surveys were 
conducted f rom 1978 through 1981. An es t imated  283 f i s h  i n  1979, 320 i n  
1980, and 1,283 i n  1981 were caught. I n  1979 an es t imated  62 (22%) o f  
these s p o r t  caught chinooks were o f  hatchery o r i g i n ,  78 (25%) i n  1980, 
and 454 (35%) i n  1981. 

INTRODUCTION 

Crooked Creek i s  l o c a t e d  on t h e  Kenai Peninsula,  Cook I n l e t ,  Alaska 
(F igu re  1) .  I t  o r i g i n a t e s  as a smal l  s p r i n g  i n  t h e  Caribou H i l l s .  The 
creek i s  approx imate ly  80.5 km (50 m i )  l o n g  and i t  meanders through low 
grass and bog areas, so t h e  wate r  i s  f a i r l y  t u r b i d  w i t h  suspended s o l i d s  
such as peat  moss. The confluence o f  Crooked Creek and t h e  K a s i l o f  
R i v e r  i s  approx imate ly  6.4 km ( 4  m i )  f rom Cook I n l e t  and 3.2 km ( 2  m i )  
f rom t i d a l  i n f l uence .  

Chinook salmon, Oncorhynchus tshawytscha (Wal baum) , i s  t h e  dominant 
salmon-species i n  Crooked Creek and has shown a steady inc rease  i n  
escapement d u r i n g  t h e  pas t  4 years.  A l though t h e r e  a r e  l i m i t e d  da ta  
p r i o r  t o  1974, l a r g e  ch inook salmon runs t o  Crooked Creek have been 
repo r ted  (Dederick,  pers .  comm. 1975). The chinook salmon a d u l t  escape- 
ment has been moni tored s i nce  1974 by t h e  D i v i s i o n  o f  F i s h e r i e s  Reha- 





bil  i t a t ion ,  Enhancement, and Development ( F R E D )  of the Alaska Department 
of Fish and Game ( A D F & G ) .  

Studies during the 1979 through 1981 f i e ld  seasons were part of an 
ongoing project which originated in 1976. Although t h i s  report empha- 
sizes resul ts  from 1979-1981, some information from previous years i s  
a1 so presented. Waite (1979) previously reported on early 1 i f e  history 
aspects of chinook salmon in Crooked Creek. 

These early l i f e  history studies included minnow trapping fo r  pre-smolts 
t h r o u g h o u t  the study area to  determine age, growth, habitat  u t i l iza t ion  
and distribution of smolts in 1976. The primary purpose of t h i s  project 
was t o  enhance the Crooked Creek chinook salmon run with planted 
hatchery smolts. This was accomplished by taking eggs from Crooked 
Creek chinook salmon a t  the Crooked Creek Hatchery. Crooked Creek has 
provided a source of chinook salmon eggs as a brood-stock f o r  various 
programs of the FRED Division since 1974. A history of egg takes 
including escapement, numbers of adults he1 d ,  eggs procured, and 
fecundity i s  included in Appendix Table A. 

Objectives of th i s  project from 1979 t o  1981 include the determination 
of the following: 

1)  smol t t o  adult survival of hatchery-released chinook salmon, 

2 )  the contribution of wild and hatchery chinook salmon to the 
sport fishery , 

3) the contribution of returning hatchery chinook salmon to the 
total  Crooked Creek escapement, and 

4) the age, weight, and length, of hatchery-produced and 
wild chinook salmon in Crooked Creek. 

METHODS AND MATERIALS 

Smol t Re1 ease 

Crooked Creek chinook salmon smolts from the 1974 through 1980 brood 
years were released in Crooked Creek a t  the hatchery in the spring of 
each year from 1975 through 1981. These smolts originated from chinook 
salmon eggs collected from Crooked Creek stocks and transported to the 
Fort Richardson Hatchery, near Anchorage, fo r  incubation. The Fort 
Richardson Hatchery has a warm water source so t h a t  smolts can be 
produced in less  than 1 year. Crooked Creek chinook smolts were trans- 
ported back to  Crooked Creek by hatchery transport trucks. A portion of 
the released chinook smolts each year were marked by removing the 
adipose f in  and inserting coded wire tags (CWT's). 

Adults 

Data were obtained from adult chinook salmon caught from Crooked Creek 
both a t  the weir a t  Crooked Creek Hatchery and in the sport fishery a t  
the confluence of Crooked Creek and the Kasilof River (Figure 1). 



Capture and Enumeration: 

A weir with temporary holding pens was used to  help take eggs and count 
returning adults t o  the Crooked Creek Hatchery during 1979 and 1980. A 
new holding f a c i l i t y  fo r  adult salmon was constructed in the winter of 
1980-81 and was f i r s t  used in 1981 (Figure 2 ) .  When the old weir system 
was used, the f i sh  were netted and passed over the weir as they were 
counted and examined. In the new holding f a c i l i t y  an aluminum weir 
diverted the chinook salmon adults from the main stream into the holding 
pond chute entrance. With th i s  new design, water flowing from the chute 
entrance would a t t r a c t  the adult chinook salmon into the chute. A one 
way entrance to the trap prevents adults from returning to  the creek. 
Crowders a t  each end of the chute move to concentrate the chinook salmon 
in front  of one of the holding ponds. After crowding, the chinook 
salmon are easily netted so samples can be taken, t a l l i e d ,  and placed in 
a holding pond or released upstream from the weir. 

Chinook salmon arrived a t  the weir each day, b u t  they were n o t  handled 
each day because of low numbers of f i sh ,  insufficient manpower, a 
weekend, or  a holiday. 

Because of design limitations of the weir and hatchery intake, and the 
comparatively small s ize of hatchery and wild chinook salmon precocious 
males ( jacks) ,  some were able to  bypass the weir. Consequently, a 
quantitative count of th i s  age class  was not obtained. 

Data Collection: 

Fish ages are expressed as age . I ,  . 2 ,  .3 or .4; referring t o  the number 
of years tha t  the chinook salmon spent in s a l t  water. (Based on the 
European Formula: Number of freshwater annuli - decimal - number of 
saltwater annul i . Total age i s  the sum of these two numbers plus 1. ) 
This includes both hatchery and wild chinook salmon. During 1979 
through 1981, 20% o f  the total  chinook salmon escapement was examined. 
Scales were col lected t o  determine individual ages. Weights (0.1 k g )  
and mid-eye to  t a i l  fork lengths were measured in centimeters. To 
obtain a random sample, every f i f t h  f ish t a l l i ed  was sampled. Sex was 
determined for  each chinook salmon entering the structure.  Ocean age .1 
and .2 chinook salmon can be readily separated by the i r  length d i f fe r -  
ences. However, scales were taken from these f ish i f  they were included 
in the sample g roup .  Some overlap of s izes  of chinook salmon occur 
between age .1 and .2;  age .2 and .3; and age .3 and .4. The lengths of 
age .3 and .4 have a greater overlap in s ize.  Final verification of a l l  
age classes was done through scale analysis. Since approximately 20% of 
a l l  hatchery smolts released into Crooked Creek had been marked by 
removing the i r  adipose f in  and inserting a dis t inct ive CWT f o r  each 
year,  a l l  chinook salmon a t  the weir were also examined for  the absence 
of adipose f ins .  All of the f i sh  without adipose f ins  were killed in 
1979, and one-fifth of the hatchery marked f i sh  recovered were kil led in 
1980 and 1981. Coded wire tags were extracted from the chinook salmon 
heads and the code was read and verified.  





Creel Survey: 

The spor t  f i shery  f o r  Crooked Creek adul t  chinook salmon opened f o r  the 
f i r s t  time by regulat ion in  1978. Typically the  f ishing season begins 
mid-May and closes 30 June. During 1978 and 1979 f ishing was r e s t r i c t ed  
by regulation t o  approximately two-thirds of the  avai lable  area (Figure 
3 ) .  During par t  of 1980 ( s t a r t i n g  12 June 1980) and a l l  of 1981, the 
regulat ions were changed t o  allow f ishing up t o  the mouth of Crooked 
Creek. 

Creel census surveys f o r  the chinook salmon spor t  f i shery  s t a r t ed  in 
1978. The f i r s t  survey was conducted by the Sport Fish Division (SFD of 
the  A D F & G ) .  Personnel from SFD did not look f o r  adipose f i n  clipped 
f i s h ,  however, personnel from the  F R E D  Division did look f o r  marked 
f i sh .  All the  creel surveys in 1979 through 1981 were conducted by the  
FRED Division personnel and f i s h  were examined f o r  marks. Creel surveys 
were designed t o  est imate the catch of adul t  chinook salmon and the 
e f f o r t  expended in angler-days. The creel  census sampling scheme was the 
same as  t ha t  used by SFD i n  the  Soldotna area ( A D F & G  1978). A 
sampling-day was defined as 20 h long, commencing a t  0400 hours and 
terminating a t  2400 h .  The f ishing season was s t r a t i f i e d  i n to  
weekendlholiday and weekdays (except 1979). In 1980 and 1981 the  sample 
scheme was modified so t h a t  the 1-hour counts occurred three  times a day 
s t a r t i n g  approximately a t  0900, 1300, and 2000 h .  

The methods used t o  ca lcu la te  e f f o r t  and harvest were ident ica l  t o  those 
used by the SFD (Hammarstrom 1976). Effort  i n  tota.1 angler-hours ( E )  
f o r  an individual category (weekend, hol iday , weekday, and t o t a l  ) was 
estimated f o r  the  whole season as follows: 

c = mean number of anglers per count f o r  season (weekendlholiday, 
weekday, o r  t o t a l )  = 

Total number of anglers counted i n  1 - h  periods f o r  season 
Total number of 1 - h  counts i n  season 

N = Number of days (weekendlholiday, weekdays o r  t o t a l )  x 
20 h/day . 





The harvest ( H )  was calculated as follows: 

E = e f fo r t  ( to ta l  angler-hours) 

F = mean catch per hour (harvest r a t e )  = total  f ish 
recorded/total hours recorded 

Effort in angler-days was determined by dividing total  angler-hours 
( E )  by the average angler-day. 

Average angler-day = Total hours reported by anglers (season) 
Total anglers 

A public information campaign fo r  the sport fishery used posters which 
explained the marked chinook salmon and coded wire tagging program. The 
public was encouraged t o  return heads of f i sh  missing the i r  adipose f in  
to  the personnel a t  Fish and Game office or Crooked Creek Hatchery. 
Recovered CWT's from these heads were n o t  used t o  determine hatchery 
contribution, b u t  were used only fo r  identification and age composition. 

Hatchery Contribution: 

The method used to  determine the number of hatchery f i sh  among the 
chinook salmon returning to  Crooked Creek was based on the numbers of 
marked f ish observed without correction fo r  lo s t  CWT's or naturally 
missing adipose f ins .  Though a l l  the adult chinook salmon enumerated a t  
the weir were examined for  marks, only a portion of the hatchery smolts 
a t  release were marked, so the total  hatchery contribution was estimated 
based on the marked/unmarked f i sh  rat ios .  The CWT was used to  determine 
what portion of the run was contributed by each release year. The 
survival ra te  from smolt to  adult fo r  Crooked Creek hatchery chinook 
salmon and the portion of the escapement and sport catch and the vari- 
ances fo r  hatchery-produced f i sh  were calculated using formulas developed 
by Reed (19811. The age 0.1 contribution in 1981 was determined by scale 
analyses since the smolts released in 1980 were n o t  rnarked w i t h  CbfT's or 
re~ovaf oPadipose f ins .  

Total run was defined as escapement a t  weir plus those caught in the 
sport fishery. Percentage of tag loss was determined from numbers of 
adipose f i n  clipped chinook salmon that  did n o t  have CWT's present. To 
t e s t  i f  tags were demagnitized, those heads tha t  were negative were 
passed near a large magnet fo r  remagnification. 

Comparisons were made between hatchery and wild f ish t o  determine i f  
s t a t i s t i c a l l y  significant differences existed in age s t ructure,  weight, 
lengths, and run timing between hatchery-released and wild chinook 
salmon (Snedecor and Cochran 1967).  



RESULTS 

Smol t Re1 ease 

Crooked Creek chinook salmon smolts were released' in Crooked Creek near 
the  Crooked Creek Hatchery from 1975 through 1981. Numbers of chinook 
salmon smol t s  released averaged 146,420 (ranging from 3,679 t o  379,478) 
per year (Table 1 ) .  An average of 21% (ranging from 0-100%) were marked 
and a d i s t i nc t i ve  CWT inserted.  The average s ize  of the  smolts a t  the 
time of re lease  was 19.1 g (ranging from 13.6 g t o  28.3 g ) .  None of the  
51,998 chinook smolts released in 1980 were marked because the  l o t  which 
included the  marked f i s h  was disposed of a f t e r  en t e r i c  (Red Mouth) 
disease was detected among these f i s h .  

Adults 

Capture and Enumeration: 

In 1979 the adul t  chinook salmon r u n  s t a r t ed  30 May and ended 24 August 
(Appendix Table B ) .  A t o t a l  of 3,544 chi nook salmon (excluding age . l )  
was enumerated with the  peak escapement occurring between 2 July 1979 
and 12 July 1979. The 1980 adu l t  chinook salmon r u n  s t a r t ed  6 June and 
ended 20 August. A t o t a l  of 2,282 chinook salmon (excluding age . l )  was 
enumerated w i t h  the  peak escapement occurring between 6 July and 12 July 
1980. 

Although the  adul t  chinook salmon r u n  in 1981 s t a r t ed  9 June and ended 
14 August, the  entrance chute was not ready t o  hold f i s h  un t i l  16 June; 
consequently, none was counted o r  passed over the weir un t i l  then. A 
t o t a l  of 2,904 chinook salmon (excluding age . l )  was enumerated with the 
peak escapement occurring between 5 July and 10 July 1981. The highest 
weekly average escapement occurred between 4 July and 10 July during 
each of the three  years (Figure 4 ) .  

A t o t a l  of 823 f i s h  (23% of the r u n )  was sampled in 1979; 523 f i s h  (23%) 
i n  1980; and 598 f i sh  ( 2 1 % )  i n  1981. The male t o  female r a t i o  f o r  the  
adu l t  chinook salmon was 1:l f o r  a l l  three  years.  Most adu l t s  returned 
a f t e r  three  years in the ocean (Figure 5 ) .  The average length of 
chinook salmon in each age c l a s s  of 1979 through 1981 was s imi lar  
(Figure 6 and Appendix Table C ) .  Escapements f o r  the  Crooked Creek 
chinook salmon (including age . I ,  - 2 ,  and marked chinook salmon) were 
recorded a t  the  weir and holding f a c i l i t y  f o r  each day t h a t  f i s h  were 
hand1 ed (Appendix Tab1 es D through F )  . 
Creel Survey: 

In 1978 the  catch r a t e  was 0.032 f ishlhour  (31 hours t o  catch one adu l t )  
on weekends and holidays and 0.043 fish/hour (23 hours t o  catch one 
adu l t )  on weekdays. Average f ishing pressure (anglers per hour) was 
g rea te r  on weekends than on weekdays; 6.6 and 5.7 anglers per hour, 
respectively.  In 1980 the catch r a t e  was 0.014 fish/hour o r  (73 hours 
t o  catch one adu l t )  on weekends and holidays and 0.022 f ishlhour  (45 
hours t o  catch one adu l t )  on weekdays. Average f ishing pressure 



Table 1. Smolt releases of Crooked Creek chinook salmon, 1975-1981. 

Brood Date of Mean Number Number Percent Tag 
year release grams/fi sh released tagged tagged code 

1974 

197 5 

1976 

197 7 

1978 

1979 

1980 

Mean 
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( ang le r s  pe r  hour )  was g r e a t e r  on weekends than  on weekdays; 21.3 and 
15.5 ang le rs  pe r  hour, r e s p e c t i v e l y .  I n  1981 t h e  ca tch  r a t e  was 0.057 
f i s h / h o u r  (18 hours t o  ca tch  one a d u l t )  on weekends and h o l i d a y s  and 
0.064 f i s h / h o u r  (16 hours t o  ca t ch  one a d u l t )  on weekdays. Average 
f i s h i n g  pressure was g r e a t e r  on weekends than  on weekdays; 33.6 and 23.1 
ang le rs  p e r  hour, r e s p e c t i v e l y .  

The numbers of chinook salmon caught by s p o r t  f ishermen was 251 i n  1978; 
283 i n  1979; 320 i n  1980; and 1,283 i n  1981 (Table 2 ) .  The ha rves t  r a t e  
(exc lud ing  age . l )  o f  t he  Crooked Creek chinook salmon run  by s p o r t  
f ishermen was 5% i n  1978, 7% i n  1979, 12% i n  1980, and 30% i n  1981. 

Hatchery Con t r i bu t i on :  

Hatchery f i s h  comprised 4% (1978), 24% (1979), 28% (1980), and 35% 
(1981) o f  ch inook caught by sportsmen (Tab le  2 ) .  Returns f rom t h e  
Crooked Creek Hatchery chinook salmon smol t  re leases  f o r  t h r e e  separate 
brood years  a re  complete (1974 through 1976). Smolts f rom each brood 
y e a r  were re l eased  t h e  f o l l o w i n g  s p r i n g  and r e t u r n s  occur red  f rom 1 t o  4 
years  a f t e r  r e l ease  (ages .1 through .4) (Tab le  3, Table 4) .  The 
es t imated  ha tchery  smol t t o  a d u l t  s u r v i v a l ,  c a l c u l a t e d  f rom t h e  marked 
f i s h  recovered a t  w e i r  and i n  t h e  s p o r t  f i s h e r y  f o r  t h e  brood years  1974 
t o  1976, was 1.9%, 1.4%, and 0.9%, r e s p e c t i v e l y  (Table 5 ) .  The e s t i -  
mated ha tchery  c o n t r i b u t i o n  (number o f  f i s h )  f o r  t h e  1974 t o  1976 brood 
y e a r  was 70, 1,170, and 1,237, r e s p e c t i v e l y  (Table 6 ) .  

From 1979 t o  1981, a11 o f  t h e  marked chinook salmon t h a t  were k i l l e d  
were checked f o r  CWT's. A t o t a l  o f  256 marked chinook salmon was k i l l e d  
i n  1979, 48 i n  1980, and 76 i n  1981. A  t o t a l  o f  211 tags  was recovered 
i n  1979, 40 i n  1980, and 63 i n  1981. Percentage of t a g  l o s s  i n  1979 
through 1981 was 18%, 17%, and 17%, r e s p e c t i v e l y .  

Dur ing  1979, 1980, and 1981 ; hatchery- reared c h i  nook salmon comprised 
26.3%, 28.5%, and 34.3%, r e s p e c t i v e l y ,  o f  t h e  escapement (Tab le  7 ) .  
Dur ing  1980 and 1981, hatchery- reared chinook salmon c o n t r i b u t e d  propor-  
t i o n a t e l y  more a d u l t s  than  t h e  w i l d  chinook salmon t o  t h e  age .1 and .2 
escapement and fewer  t o  t h e  ages .3 and .4 escapement (Table 7 ) .  

There were few s i g n i f i c a n t  d i f f e r e n c e s  between l eng ths  and weights  o f  
hatchery- re leased and w i l d  chinook salmon i n  Crooked Creek f o r  a11 s a l t  
wa te r  ages ( F i g u r e  7, Table 8 ) .  Du r i ng  bo th  1980 and 1981, w i l d  age .4 
a d u l t s  were 4 cm l o n g e r  ( P  < .001) than ha tchery  age -4 adu l t s ;  age .3 
w i l d  a d u l t s  were 0.7 kg  heav ie r  (P < .001) than  age .3 ha tchery  adu l ts ;  
and age .4 w i l d  a d u l t s  were 1.3 and 1.8 kg heav ie r  than age.4 ha tchery  
adu l t s .  

Though t h e r e  were s l i g h t  d i f f e r e n c e s  i n  t h e  r u n  t i m i n g  between marked 
and unmarked chinook salmon i n  Crooked Creek f rom 1979 through 1981, 
t h e r e  were no obvious t r ends  ( F i g u r e  8 ) .  

Since t h e  sca les o f  hatchery-produced chinook salmon i n  Crooked Creek 
a r e  cha rac te r i zed  by t h e  absence o f  a  f reshwater  w i n t e r  check and 
e x h i b i t  a  f a s t  growth r a t e  i n  t h e  f reshwater  zone, sca le  a n a l y s i s  o f  
r e t u r n i n g  a d u l t s  may p rov ide  a  means o f  d i s t i n g u i s h i n g  hatchery-produced 



Table 2 .  Kasilof River chinook salmon spor t  f i shery summary (age .1 not 
included) , 1978-1981. 

Hatchery Contribution Effort  Ca tch/angl e r  
Year Harvest Number Percent (man-days) hour 

1978 251 

1979 283 

1980 3 20 

198 1 1,283 

Mean 5 34 



Table a. Hatchery smolt releases and recoveries o f  chinook salmon I n  the escapement i n  Crooked Creek. 1974-1981. 

Number examined and number o f  marked f i s h  recovered by brood year 
1976 1977 1978 1979 1980 1981 

Ember Number Number Number Number Number 
returned returned re  turned returned returned returned 

Brood Release Numberreleased and Number and Number and Number and Number and Number and Number 
year date Total Marked examined marked examined marked examined marked examined marked examined marked examined marked 

Total  1974-1979 , 1.682l 0 3,459' 56 5,396l 296 3.830 270 2.536 183 J.010 205 

'Includes brood years p r i o r  t o  1974. 





Table 5. Surv iva l  ra tes  (*95% confidence i n t e r v a l )  o f  hatchery-produced chlnook salniun I n  the spo r t  f i she ry  and escapement I n  Crooked Creek. 1974-1981. 

Return year 
1976 1977 1978 1979 1980. 

Survival  r a t e  
1981 

Survival  r a t e  Survival  r a t e  - Survival  r a t e  Survival  r a t e  Survival  r a t e  
Brood Sport Sport  Sport  Sport Sport  Sport 
year f i shery  Escapement f i shery  Escapement fisher:. Escapement f fshery Escapement f i she ry  Escapement f i s h e r y  Escapement Total  



Table 6. Numbers ( 95% confidence In te r va l )  o f  hatchery-produced chinook salmon I n  the sport' f fshery  and escapement I n  Crooked Creek. 1974-1981. 

Return year 
1976 1977 1978 1979 1980 1981 

Contr ibut ion Contr ibut ion Contr ibut ion Contribution Contr ibut ion Contribution 
Brood Sport Sport Sport Sport Sport Sport 

.year f i she ry  Escapement f ishery  Escapement f ishery  Escapement f ishery  Escapement f ishery  Escapement f l she rv  Escapement Total  

1979 - - - - - - - - - - ND NO - - NO 

Total  NO ND NO 216 69 786 120 1,009 255 723 454 1,033 4,665 
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f ish from wild f i sh .  A preliminary comparison of these techniques was 
performed during 1980 and 1981 (Table 9 ) .  Among adults returning during 
1980, the estimated proportion of hatchery-produced f i sh  within each 
age-class and fo r  the total  escapement i s  similar for  b o t h  methods. 
Among adults returning during 1981, however, there i s  a s l ight  d i f fe r -  
ence in the estimated proportion of hatchery-produced f ish within each 
age-class, and the estimated proportion of hatchery-produced f ish in the 
total  escapement was higher based on the scale analysis technique than 
the CWT analysis. 



Table 9. Estimated proportion of adu l t  Crooked Creek hatchery-produced chinook salmon in the escapement based on 
analysis  of coded-wire tags and sca les ,  1980-81. 

Hatchery-produced f i s h  estimated Hatchery-produced f i s h  estimated 
from CWT analysis  from sca le  analysis  

Percentage Percentage Number of Number of Percentage 
Return Age Total within of scales  hatchery within Percentage 
year c l a s s  escapement Number each age c lass  t o t a l  escapement analyzed f i s h  each age c l a s s  of to ta l  escapement 

1980 .1 266 205 77.1 
.2 586 209 35.7 
. 3  96 1 218 22.7 
.4 723 91 12.6 

Total 2,536 723 

1981 .1 90 MD ND 
.2 792 607 77.6 
. 3  1,258 303 24.1 
.4 870 123 14.1 

Total 3,010 1,033 34.3 



DISCUSSION 

The total  average survival rate of hatchery-reared Crooked Creek chinook 
salmon, from smolt t o  adult was 1.4% for  brood years 1974 t o  1976. This 
survival ra te  i s  approximately half of the expected survival ra te  
(Fisheries Rehabilitation, Enhancement and Development Division, 1978). 
During the 1978 creel survey, howeveryonly two marked chinook salmon 
were observed. If these data are used in the calculations, the total  
estimated survival ra te  fo r  srnolts of the 1974 brood year i s  1.89%; 
whereas, the survival ra te  of smolts to  the escapement from the 1978 
brood year was only 1.09% (Table 5 ) .  I f  these data are ignored and not 
included in the calculations, the total  estimated survival ra te  for  the 
three brood years i s  only 1.17%. However, these survival rates were 
within the range found for  hatchery-reared chinook salmon in other 
studies (Table 10).  McHenry (1982) reported that  the survival rate of 
hatchery-reared chi nook salmon smol t s  released near Seward, A1 aska was 
only 0.05%; while Heard (personal communication) reported that  the 
survival ra te  of one treatment group of chinook salmon smolts a t  L i t t l e  
Port Wal t e r  was 14%. 

The survival ra te  of the Crooked Creek chinook salmon may be lower than 
expected because the smolts were age 0.0 a t  the time of release,  while 
most wild smolts migrate a t  age 1.0. Dudiak (unpublished data) ,  how- 
ever, observed survival ra tes  similar t o  those I observed, while McHenry 
(1982) observed a much lower survival rate.  Their studies are based on 
releases of smolts from the same "accelerated growth" hatchery program 
as Crooked Creeks' . Leon (personal communication), however, reported 
tha t  another l o t  of age 0.0 smolts a t  Crystal Lake Hatchery had a 
survival ra te  of 7.5%. Apparently, other factors such as imprinting and 
release timing may be more important than the s ize the smolts a t  the 
time of release (Heard, personal communication; Reimers 1979). 

I believe the estimated survival rates of returning hatchery chinook 
salmon a t  Crooked Creek are minimal estimates. The actual survival ra te  
may be higher because of several reasons. Since age .1 f i sh  are  not 
sampled quantitatively a t  the weir, the estimated survival ra te  would be 
higher i f  a l l  of these f ish could be intercepted and counted. Current- 
l y ,  i t  i s  n o t  known i f  there are any other f isheries  which intercept 
chinook salmon returning to  Crooked Creek. The Crooked Creek chinook 
salmon smolt-to-adult survival would be higher i f  the number of f i sh  
taken in other f isheries  (including foreign) were known. I t  i s  l ikely 
tha t  Crooked Creek chinook salmon pass through the marine sport fishery 
in lower Cook In le t  that  occurs from mid May through July. A creel 
survey of th i s  fishery will be conducted by SFD personnel during 1982. 
They will screen catches t o  determine i f  any fin-clipped chinook salmon 
are caught. Since the commercial fishery in Cook In le t  begins the l a s t  
week of June, most Crooked Creek chinook salmon are already in the 
Kasilof River or Crooked Creek by tha t  time. During the 1981 commercial 
fishing season, an extensive survey of canneries was performed to search 
f o r  fin-clipped chinook salmon. Only one tag was found, which implies 
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that  the commercial f isheries  interception of the Crooked Creek chinook 
salmon stocks i s  negligible. 

The 1982 hatchery program a t  Crooked Creek will include releasing 
fingerlings and smolts a t  different  ages, and sizes.  There are approxi- 
mately 120,000 fry from the 1981 brood year. Of these approximately 
half will be released in l a t e  summer or f a l l  of 1982 as fingerlings; the 
second group will1 be released during spring 1983 as age 1.0 smolts. 
Each group will receive a half-length coded wire tag with a different  
code. This release strategy i s  designed to evaluate the survival rates 
t o  adults and to  determine the most cost effective hatchery procedure. 

Between 1978 and 1981, the number of chinook salmon harvested increased 
each year and the number and percentage of hatchery chinook salmon in 
catches has increased as well (Table 2 ) .  In sp i te  of an increase in 
angler e f f o r t ,  the harvest rate was good, except during 1980. Usually, 
the harvest ra te  was lower on weekends than on weekdays. 

Hatchery-released chinook salmon contribute substantially to the Crooked 
Creek sport fishery. The number of fishermen in the area increased 
dramatically between 1978 and 1981 because of advertising, angling 
success, and word-of-mouth by fishermen. The Crooked Creek/Kasilof 
River chinook salmon fishery has greatly increased the opportunity for 
Kenai Peninsula anglers to f ish from the shore with a good likelihood of 
catching f i sh .  Unfortunately one-third of the fishing area and the 
access road i s  located on private land ( the other two-thirds i s  on State 
land).  The owner has expressed concern over the intrusion by the 
anglers, b u t  has made an ef for t  t o  cooperate with ADF&G.  The owner i s  
willing t o  se l l  the land t o  the S ta te ,  and the Alaska Department of 
Natural Resources, Division of Lands i s  considering i t  a pr ior i ty  in 
the i r  land acquisition plans. The catches and the harvest rates of th is  
recently developed sport  fishery are of the same order of magnitude as 
the more widely publicized sport f isheries  on the Kenai Peninsula. The 
mean combined harvest fo r  the fresh water fishery on three lower Kenai 
Peninsula streams, Deep Creek, Nini lchik River, and Anchor River, from 
1971 t o  1981 was 1,530 (Hammarstrom 1981). The mean harvest fo r  the 
Kenai River chinook fishery from 1974 through 1980 was 6,029, b u t  only 
4% of th i s  catch was taken by shore anglers. The mean catch per u n i t  
e f fo r t  was 0.027 even though the shore anglers contributed approximately 
10% of the e f for t  (Hammarstrom pers. comm. 1981). 

The age structure of chinook salmon reported in the sport fishery was 
different  from that  observed in the escapement. Age .1 chinook salmon 
rarely enter the fishery and they are n o t  included in these data; b u t  i f  
caught, they are often kept. Sport fishermen in th i s  area are  required 
t o  record catches of chinook salmon measuring over 51 cm in length on a 
punch card (Alaska Board of Fisheries 1980). Most age .2 chinook salmon 
are  longer than th is .  As a resu l t ,  fishermen will catch and release age 
. 2  chinook salmon in hopes of catching larger f i sh .  Also, the large 
chinook salmon are d i f f i c u l t  f o r  shore anglers to  land. Consequently, 
most of the chinook salmon caught and kept are age . 3 .  



The creel survey conducted on the Kasilof River offered an excellent 
opportunity for  employee-public communication. Many questions were 
answered about the fishery and F R E D  Division's program. 

A sport fishery generates a considerable economic value into the local- 
i ty where the fishery takes place. Hartman (personal communication) 
estimated tha t  each angler day of e f for t  in th i s  fishery had a net value 
of $82. Since there was a total  of 8,751 man-days of e f for t  on the 
Kasilof River in 1981, the estimated economic value of t h i s  fishery was 
$735,084. 

The hatchery-produced chinook salmon are contributing to  the naturally 
spawning population as well as the egg take. Between 1979 and 1981, the 
hatchery-produced chinook salmon have contributed approximately 1,000 
f i sh  t o  this population and the percentage of hatchery f i sh  in th i s  
population has ranged from 26 to  34%. 

In most respects, there are no apparent differences in population 
character is t ics  between wild and hatchery f i sh .  The adult chinook 
salmon r u n  timing was approximately the same each year from 1979 through 
1981 and the run timing of hatchery f ish and wild f i sh  was similar. The 
average sizes of returning adult chinook salmon within each age group 
was similar fo r  hatchery and wild f i sh .  The age .3 and .4 wild chinook 
salmon were s l ight ly  larger than the ages .3 and .4 hatchery chinook 
salmon. The biological significance of these differences, however, i s  
not apparent. I t  may be tha t  t h i s  difference i s  related to  the fac t  
tha t  hatchery f i sh  are released as age 0.0 smol t s ,  whereas wild Crooked 
Creek chinook salmon smolts migrate as age 1.0. In other words, the 
freshwater age of hatchery and wild chinooks i s  different ,  with hatchery 
f i sh  being 1 year younger. 

I t  appears that  hatchery-produced Crooked Creek chinook salmon return as 
ocean age .1 more frequently than wild Crooked Creek chinook salmon. 
Kissner (1980) also observed a large contribution of wild ocean age .1 
chinook salmon in Southeastern Alaska. In most studies,  t h i s  age class 
i s  not considered since l i t t l e  information i s  available fo r  comparison. 
Since the weir on Crooked Creek does not sample th i s  age class e f f i -  
c ient ly ,  i t  i s  1 i kely that  they comprise an even larger portion of the 
escapement and the actual survival ra te  i s  higher than reported. 
Unfortunately, t h i s  age class does n o t  contribute substantially to  the 
sport harvest or the egg take. If the reason these f ish returned as age 
.1 could be counteracted so that  more f i sh  returned as older f i s h ,  the 
sport fishery would benefit greatly. 

The 379,478 smolts released in 1979 have apparently survived well and 
will be a strong year class. Many returned as age .1 in 1980 and as age 
.2 i n  1981. Consequently, we expect that  the harvest ana contribution 
of age .3 hatchery-reared adults in 1982 will be substantial .  

Though attempts were made from 1979 t o  1981 t o  monitor the chinook 
salmon smolt migrations, none was successful. Prior t o  1979, movements 
of hatchery-released smol t s  were monitored by fishing minnow traps 
(Waite 1979). Because some marked smolts were trapped a t  the m o u t h  of 
Crooked Creek the same day they were released, I believe that  the 



hatchery smolts migrate downstream within 24 hours of release. Also, 
during the spring chinook salmon sport fishery on the Kasilof River, 
several of the marked smolts were caught by anglers. A few marked 
chinook salmon smolts, however, were trapped in Crooked Creek in the 
winter of 1976-77. This suggests that  occasionally some of the planted 
f ish may overwinter in Crooked Creek. All of these marked f i sh  exhibit- 
ed parr marks. 

Depending on the extent of th i s  behavior, scale-reading of Crooked Creek 
chinook salmon may be a useful tool to  separate hatchery chinook salmon 
from wild chinook salmon. Hatchery smolts are released a f t e r  one year 
(age 0.0),  and most wild smolts enter s a l t  water as age 1.0 during the i r  
second year. During b o t h  1980 and 1981, the estimated contribution of 
hatchery-reared chinook salmon in the Crooked Creek escapement was based 
on tag and scale analysis. The resul ts  obtained from applying each 
method t o  estimate the contribution for  each age class are encouraging 
and, though detailed analysis and comparison of these marking techniques 
i s  beyond the scope of t h i s  report ,  we are continuing to  investigate the 
usefulness of t h i s  method. I f  t h i s  method of distinguishing hatchery 
f i sh  from wild f i sh  i s  appropriate, i t  will provide a valuable and an 
econcmical tool fo r  t h i s  program. Providing t h a t  the hatchery smolt 
production program does not change, a1 1 hatchery smol t s  will be "marked" 
when released because the i r  scales will not have a freshwater winter 
check. 

Presently, l i t t l e  i s  known about Crooked Creek wild smolt production and 
survival to  adult .  Continuation of th i s  study, especially to compare 
the hatchery chinook salmon with natural populations, may be invaluable. 
Currently, t h i s  i s  the only extensive program in the s t a t e  in which 
chinook salmon are stocked in a stream with a wild population (Heard 
pers. corn. 1981). An understanding of t h i s  enhancement e f for t  may be 
useful for  establishing other programs. The project in FY 83 includes 
smolt trapping in Crooked Creek with inclined plane traps.  This program 
i s  designed to estimate the number of wild smolts and evaluate down- 
stream movements of hatchery-released chinook salmon. Ultimately, 
estimates and comparisons of ocean survivals (smolt to  adult)  of wild 
and hatchery smolts may be obtained. 

Conclusions 

1. The average estimated survival ra te ,  from smolt to  adult for  three 
complete hatchery brood years was 1.4%. 

2 .  Hatchery f i sh  have comprised an average of 30% of the run from 1979 
through 1981. 

3. Returning adult Crooked Creek chinook salmon contribute substan- 
t i a l l y  to  a valuable sport fishery which compares favorably with 
other chinook salmon f isheries  on the Kenai Peninsula. 

4. Few adult Crooked Creek chinook salmon appear to  be intercepted by 
the commercial f ishery, b u t  the marine sport fishery may intercept 
some. 



5. W i t h i n  each age c l a s s  o f  r e t u r n i n g  Crooked Creek ch inook salmon, 
t h e r e  a re  few d i f f e r e n c e s  between t h e  s i z e s  o f  ha tchery - reared  and 
w i l d  f i s h .  

6 .  With  c u r r e n t  ha t che ry  techniques,  t h e r e  i s  some evidence t h a t  most 
ha tchery - re leased  smol ts  a re  cha rac te r i zed  by t h e  absence o f  a  
w i n t e r  check i n  t h e  f r eshwa te r  zone o f  t h e i r  sca les .  T h i s  may 
prove t o  be a  u s e f u l  r e c o g n i t i o n  cha rac te r .  

Recommendations 

1. Cont inue w i t h  t h e  p resen t  program i n c l u d i n g  a  f o l l o w  up on t h e  
e v a l u a t i o n  o f  ha tchery  re leases  i n  1982. 

2. Cont inue t h e  smo l t  s tudy,  which w i l l  s t a r t  i n  1982. A success fu l  
program w i l l  l e a d  t o  a  p o p u l a t i o n  es t ima te  o f  w i l d  smol ts  and 
i nc rease  t h e  da ta  base f o r  t h e  ha tchery - re leased  smol ts .  
Comparison o f  c o n t r i b u t i o n  o f  ocean s u r v i v a l s  o f  w i l d  smol ts  w i t h  
ha tchery  smol t s  may be made. 

3. Conduct a  more i n t e n s e  c r e e l  census on t h e  marine, K a s i l o f  R i ve r ,  
and Crooked Creek f i s h e r i e s  t o  o b t a i n  more accura te  ha rves t  
i n f o r m a t i o n .  T h i s  program shou ld  be con t inued  s i nce  i t  i s  expected 
t h a t  these  f i s h e r i e s  w i l l  i n t e n s i f y .  

4. Cont inue t o  encourage t h e  S t a t e  Department o f  Na tu ra l  Resources, 
D i v i s i o n  o f  Lands, t o  a c q u i r e  t h e  p r i v a t e  l a n d  t h a t  borders  t h e  
K a s i l o f  R i v e r  s p o r t  f i s h e r y .  T h i s  would  i n s u r e  access t o  t h i s  
f i s h e r y .  
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11 Appendix A. Crooked Creek ch inook salmon escapement- , number o f  
a d u l t s  

h e l d  f o r  egg take,  h o l d i n g  and w e i r  m o r t a l i t y ,  number o f  
eggs taken  and f ecund i t y ,  1974-1981. (M = male, F = 
female) .  

Crooked Creek 
Year Escapement Below Weir  Spo r t  Caught T o t a l  r u n  

M F 

To ta l  number Ho ld i ng  F i s h  
h e l d  f o r  and m o r t a l i t y  used f o r  T o t a l  Number 

Year egg t ake  a t  w e i r  egg t ake  eggs taken Fecund i t y  
M F M F M F 

1/ Age .1 " j a c k s "  a r e  exc luded f rom t h i s  t a b l e .  - 



Appendix 6 .  Escapement timing, dates for  a r r iva l ,  f i f t y  percent of the 
escapement passed weir, and end of run fo r  the Crooked 
Creek chinook salmon, 1974-1981. 

Arrival Date Date 
Year A t  Weir 50% Passed Run Ended 

1974 6/12 719 8/  2 

1974- 
1981 
Average 619 



Appendix C.  Age, we igh t  and l e n g t h  samples o f  r e t u r n i n g  Crooked Creek a d u l t  ch inook salmon, 1979-1981. 

Age Class 
S a l t  Water Number Compos i ti on - Length - Weight 

Year Age Sampl ed (Pe rcen t )  x Range(cm) s x Range ( k g  s 



Append ix  D. Crooked Creek w e i r  c h i n o o k  salmon c o u n t s ,  1979'. 

Nwnbersof f ish 
7- 

Total (excludinq 
Aae ~ 0 ~ ~ 1 . 1  and 0.11 

Date 1.3 1.4 0.3 and 0.4 Dal v Accun. 

Hay 30 
31 

Jun 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3 

Jul 1 
2 

Total 233 53 298 42 3,029 175 3.544 3.544 

'Age separation Is based on size: age 0.1. 0.2. 0.3. and 0.4 refers to adipose 
fin clipped f ish. 



1 Appendix E. Crooked Creek weir chinook salmon counts ,  1980 . 

Date 

Numbers o f  f ish  
Aqe Aqe Aqe Age 

1.1 0.1 1.2 0.2 1.3 and 1.4 0 .3 and 0.4  

Jun 6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Jul 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1 42 
15 
16 
17 
18 
19 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Aug 1 
2 
3 

4-20 

Tota 1 

Tota l  (excluding 
aqe 1.1 and 0 . 1 )  
D a i  1 y Accum. 

24 24 
49 73 
52 125 
0 125 

23 148 
0 148 
0 148 
6 154 
0 154 

50 204 
65 269 
0 269 

61 330 
0 330 

10 340 
0 340 
0 340 

111 451 
96 547 
0 547 

87 634 
93 727 
0 727 
0 727 

40 767 
55 822 
57 879 
50 929 
0 929 

99 1,028 
0 1,028 

151 1,179 
105 1,284 
108 1,392 
99 1,491 
78 1,569 
0 1,569 
0 1,569 

150 1,719 
103 1,822 
63 1,885 
85 1,970 
29 1,999 
29 2,028 
0 2,028 

86 2,114 
82 2,196 
.25 2,221 
22 2,243 
14 2,257 
0 2,257 
0 2,257 

13 2,270 
0 2,270 
2 2,272 
0 2,272 

' Age separat ion i s  based on s ize ;  age 0.1, 0.2, 0.3, and 0.4 r e f e r s  t o  adipose 
f i n  clipped, f ~ s h .  
Estimate o f  f i s h  escaping during high water. 



1 Appendix F. Crooked Creek weir chinook salmon counts, 1981 . 

Number of fish Total (excl r~ding 
koe Ape aae 1.1 a n d 0 . 1 )  

Oate * & 1.3 and 1.6 0.3 and 0.4 D a i l y  Accun. 

J u n  16 2 0 
17 4 0 
1 8 . 0  0 
19 12 0 
20 0 0 
21 0 0 
22 13 0 

27 0 0 
28 0 0 
29 6 0 
30 0 0 

Jul 1 12 0 
2 0 0 
3 0 0 
4 0 0 
5 . o  0 
6 10 0 
7 -  0 0 
8 4 0 
9 0 0 

10 5 0 

16 0 0 0 0 
17 0 0 0 0 
18 0 0 0 0 
19 0 0 0 0 
20 0 0 0 0 
21 3 0  5 4 9  
22 0 0 0 0 
23 0 0 0 0 
24 
a- 

3 0 97 12 
L1 0 0 0 0 
26 0 0 0 0 
27 0 0 0 0 
28 3 0 '50 8 
29 0 0 0 0 
30 0 0 0 0 
31 1 0  2 3 1  

Aug 1 0 0 0 0 
2 0 0 '  0 0 
3 2 0  1 2 1  
4 0 0 0 0 
5 0 0 0 0 
6 0 0 6 -2 

' 7  0 0 0 0 
8 0 0 0 0 
9 0 0 0 0 

10 0 0 0 0 
11 0 0 0 0 
12 0 0 0 0 
13 0 0 0 0 

0 0 3 0 14 - - -  
Total 106 0 391 87 

'Age separation i s  based on size; age 0.1, 0.2, 0.3, and 0.4 refers to  adipose 
f in  clipped fish. 
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